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ABSTRACT
An analysis is made of the 8115 A light emitted from the
striated positive column of an Argon glow discharge to determine
whether or not it is polarized. The procedure consists of sep-
arating the perpendicular and parallel com.ponents of ^.^ibration
with a Wollastcn prisn:, measuring the intensity of each com-
ponent with a photom.ultiplier tube and comparing the signal
intensities on a dual-trace oscilloscope. Within the limitations
placed upon the m.easurem.ents by photomultiplier noise and
system frequency response, no polarization is observed. The
m.aximum polarization that could escape detection is 3%.
The theory of polarization by election im.pact is briefly
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1 . Introduction
The presence of moving striations , alternate bands of darkness
and light travelling through the positive column of the glow dis-
charge in an inert gas, have yet to be satisfactorily explained,
despite the considerable amount of effort put into their inves-
tigation in past years. An extensive survey of this effort has
been made by Cooper [l ] , who investigated the effect of such
parameters as tube dimensions, gas pressure and discharge
current on the behavior of the striations by use of rotating
mirror photography, phototube detection, and Langmuir probes.
Other works in this field include those of Donahue and
Dieke [3, 4 ] , who observed different modes of striations;
Robertson [10 ] , who correlated experimental observations with
theoretical ion-balance equations , and Robertson and Hakeem
[11 ] , who demonstrated the dependence of striations on
metastable states.
These and many other efforts have resulted in an accumu-
lation of data on the behavior of these striations in response
to the variables of their environment, and to the growth of
several theories on the mechanism of their creation. However,
no substantiated theory has yet evolved. The purpose of this
polarization analysis is to obtain information concerning the
electric field in the striated positive column and thus con-
tribute one segment of understanding.
The major portion of this kind of a glow discharge consists
of the positive column, which extends from the Faraday dark
space to the anode glow. A complete description of each part
of the glow discharge has been made by Emeleus [5 ] .
This report is concerned with argon glow discharges in a
discharge tube having an inner diameter of approximately 2.5 cm
containing argon at a pressure of 5-15 Torr. For such a discharge,
the total voltage across the tube is near 300v. In the positive
column, the electric field is small, of the order of 3v/cm [i] .
The cathode fall is 100-150v.
The D.C. electric field in the positive column on the axis
of the discharge is insufficient to produce atomic excitations
unless the electron travels at least 5 cm. (to acquire at least
14,78 ev). The fact that the atoms are excited, and the discharge
produces the atomic spectrum., is the result of thermal excitation
and/or electric field perturbations
,
With the proper combination of tube diameter, gas pressure
and discharge current, moving striations are present in the
positive colum.n. At the front of the striation, the light in-
tensity rises rapidly to a maximum and then decays relatively
more slowly. Dachos [2 ] determined the ratio of rise tim.e to
decay time to be about one to four, with a rise time of 0.3
m.illisec and a decay time of 1.2 m.illisec. Also, he detected
a small, but significant, difference in the times when different
spectral lines began their intensity rise.
For instance, a line whose upper state was 13.02 ev above
the ground state began to rise in intensity 25 microsec before a
line whose upper state was 14.78 ev. This observation suggests
that the electrons are being accelerated in a local region by an
electric field of such m.agnitude that 25 microsec are required
for the electron to accum.ulate 1 .76 ev. If such local fields
exist, the m.oving striations could be the result of moving
fields. The fields could be created by either of two m.echanisms.
One mechanism could be electron bunching, resulting in a
longitudinal wave m.oving through the discharge with striation
vglocity, Th© other oonld b© a trsnivars© ©l©atromagn#tici
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wave propagating through relatively stationary particles.
The next step, then, is to determine if local fields are
formed by either of the above mechanisms. If the electrons are
accelerated by a longitudinal electric field, they will receive
an organized component of velocity parallel to the axis of the
discharge tube. On the other hand, if they are accelerated by
a transverse electromagnetic wave, this organized velocity would
be perpendicular to the axis . If atomic radiation excited by
electron impact is polarized, either of the mechanisms should
produce polarization in the emitted radiation. The longitudinal
field should result in the parallel component of polarization
predominating, while the transverse field should do the same
for the perpendicular component,
A theory has been developed by Percival and Seaton [9 ]
expressing the polarization of dipole radiation emitted by atoms
excited by a unidirectional electron beam . The polarization is
expressed in terms of the probability that the complete system
of target atom and colliding electron will emit a polarized photon.
The calculations are based upon the Oppenheimer-Penny (O-P)
theory, in which the probability of excitation to an upper quantum
state and the probability of this excitation resulting in emission
of a polarized photon are considered separately. In making the
transition from the O-P theory to their own, Percival and Seaton
made several assumptions. They assumed that there is a com-
pletely isotropic distribution of spin directions in the incident
beam of the electrons and in the initial states of the atoms;
that the initial level of the target atoms has zero orbital angular
momentum; and that the interaction is such that total spin and
total orbital angular momenta are separately conserved. They
then proceeded by generalizing the Bremsstrahlung formula for
emission by an electron in a central field and determining rate
coefficients as a function of direction, for the emission of
photons of specified energy.
The resulting expression for the polarization (P) of emission
due to transitions from upper D states is
P = 100 G(Q, + Qi - 2Q2)
KQo +hiQi +h2Qj
In this equation, G is a parameter which depends on the dipole
matrix element (transition probabilities) for transitions between
the initial and final quantum states. The values of Q, one for
each value of M-^, are determined by the cross sections for
excitation into these upper states by electron collision. The
values of h depend principally on statistical weights.
The transition probabilities have been measured for many
cases, but the excitation cross sections are not reliably estab-
lished. As a result, the reliability of the calculated values of
polarization is limited.
Previous to this work by Percival and Seaton, Skinner and
Appleyard [12 ] had observed such polarization. It was observed
that lines belonging to the same type of spectral series ex-
perience very sim.ilar polarization. Therefore Percival and
Seaton compared the experimental results of Skinner and
Appleyard for Hg 7 -Dr, ^^ ^
^^i with their own calculations
for He 3 ^D^—5*- Ip , The observed polarization rose to a
maximum with decreasing electron energy and then decreased,
tending toward zero at threshold. The theoretical and observed
polarizations agreed quite well for the higher energies, but de-
parted from, each other at the lower energies where the theoretical
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polarization continued to rise, rather than drop toward zero.
More recently, McFarland and Soltysik [8 ] conducted an
experiment on the polarization of light emitted as a result of the
excitation of helium by a unidirectional electron beam . Their
results were similar to those of Skinner and Appleyard, in that
the polarization dropped to zero at threshold energies. Their data
indicates that for the 3 ^D->-2 ^P transition, which is in the same
type of spectral series as the argon 8115 A line, the maximum
polarization, which occurred at an energy of about 25 ev, was
approximately 10%, The polarization dropped off rapidly from
there with decreasing electron energy, reaching zero at about
20 ev. Percival and Seaton predicted a threshold polarization
of 32%.
Consequently, we are left with a choice between an unproven
theory and one set of experimental results . If the theory is
correct, a significant polarization (32%) can be expected if any
region exists in the discharge where the electrons have at least
threshold energy (14.78 ev) and are unidirectional. On the other
hand, if the results of McFarland and Soltysik are correct, the
polarization would be negligible around threshold energies,
rising to a maximum of 10% about 6 ev above threshold.
2 , Experimental Procedure
The light emitted by the argon discharge was separated into
its perpendicular and parallel components of polarization by a
light analyzer which included a WoUaston prism. This prism
received a single light beam from a collimator and transmitted
a perpendicular component beam and a parallel component beam
with a divergence of about twelve degrees. These two beams
were detected by separate photomultiplier (p-m) tubes (see
Appendix I and Fig . 8)
.
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The light analyzer was positioned adjacent to the argon dis-
charge tube so that the collimator was perpendicular to the tube
and aimed approximately at its center with the slit in a vertical
position. Vertical adjustment for proper positioning was provided.
An aluminum container of liquid air was placed on the lid
of the light tight box to cool the p-m cathodes and thus reduce
their dark currents to a tolerable level . The temperature of the
Wollaston prism, was kept near room temperature by insulating
it from the p-m. tube compartment and at the same time conducting
heat to it through the collimator.
The high voltage supplies of the two p-m tubes were ad-
justed prior to each measurement to provide outputs of equal
magnitude while unpolarized light was incident upon the
collimator. Unpolarized light was provided by increasing the
discharge current until the striations being investigated dis-
appeared. During this balancing procedure, a mechanical disc
chopper was used to provide a pulsating signal. At the higher
discharge current (0.9 amp) used during balancing, the positive
colum.n of the glow discharge still had some high-frequency
low-amplitude striations (approx. one kc) . However, their only
effect on the balancing was that of noise, since the frequency
of the chopper was much less than that of the striations, and
the amplitude of the signal provided by it was at least twenty
times the amplitude of the high frequency signal.
A reflection shield was placed between the 90 degree re-
flector and each p-m. tube , with a slit large enough to accomodate
the light beam from, the collimator. This prevented that portion
of the light beam reflected by the face of a p-m tube from reach-
ing the other p-m tube.
The Wollaston prism was positioned so that it would split
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the light beam into components with polarizations parallel and
perpendicular to the axis of the discharge tube. Whenever a
difference in amplitude of the two components was indicated
,
the prism was rotated 180 degrees so that the two channels of
the system would exchange components.
The intensities of the parallel and perpendicular components
of polarization were compared at two different gas pressures by
observing the difference signal. The difference signal was also
observed while the light was partially polarized by a glass plate
inserted into the beam at an angle of 30 degrees. The above
measurements were repeated with the 8115 A filter removed to
obtain greater sensitivity.
3. Analysis of Data
The most significant factor limiting the accuracy of the
measurements was noise. The p-m thermal noise was reduced
by the cooling (Fig. 1) from approximately four mv to one mv,
at the high voltage settings indicated.
If any differences in intensity greater than the noise level
occurred, the sensitivity to this difference would be limited
by the frequency response. The system response to a strobe
light (Fig. 2) shows that the rise time of the system is no more
than ten microsec/50 mv. A typical period for the striations
is 1 ,5 millisec. Since any polarization would occur at the
front of the striation, the rise time is the portion of the response
which is of importance. Therefore the system would see any
difference which was above the noise level, if it had a pulse
width of at least ten microseconds.
Fig. 3 shows the system reaction to inserting a glass plate
at an angle of 30 degrees into the light beam. The difference
signal is displaced an amount indicating 3.3% polarization. The
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theoretical polarization resulting from the inserted plate is
3.1%, indicating that the system would detect this level of
polarization if it were present.
4. Results and Conclusions
No polarization of the light emitted from the positive column
of the striated argon discharge was detected. If any polarization
was present, it was less than 3%. Based on the previous results
of Percival and Seaton as well as those of McFarland and Soltysik,
it appears that if any organized motion of electrons is causing
excitation in the positive column, this process is negligible,
compared to thermal excitations. This in turn suggests that if
electrons are accelerated by any local fields strong enough to
provide excitation energy, these electrons are experiencing
many more elastic collisions than inelastic. Consequently,
a determination of the nature of any such fields by polarization
analysis appears unlikely.
5. Recommendations for Further Study
As shown by Figures 4 . (a) and 4.(c), the limitations on
the detection sensitivity is p-m and signal noise, with the
signal noise being greater. Although p-m noise could be re-
duced by using p-m tube holders designed for cooling by liquid
air, there is little that can be done about the discharge noise.
In view of this and the conclusions above, further polarization
analysis by any method presently available does not appear to
be promising.
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1 . Vacuum System
A schematic diagram of the vacuum and gas systems is shown
in Fig. 6. The vacuum system contained the following equipment:
(a) Type ED- 35 Edwards Speedivac Fore Pump
(5.3 c . f . m.
.
)
(b) Veeco 2" air cooled diffusion pump (85 l.p.s. at
5 X 10"^ Torr)
(c) 2.5 liter copper trap attached to the top of the
diffusion pump
(d) Ultek Model 50-121 sorption pump
Pressure measurements were made by two thermocouple
gauges and an ion gauge. One thermocouple was located on the
discharge tube side of the main cut-off valve and the other be-
tween the diffusion pump and fore pump. ALogatorr Model 7T
ionization gauge, utilizing an RG-75 ion gauge tube, was connected
between the cold trap and main cut off valve. The minimum pressure
was 1 X 10-7 Torr.
2. Discharge Tube and Gas System
The discharge tube was made of pyrex precision glass tubing
with an inner diameter of 1.01 inches. The electrodes consisted
of a tungsten filament surrounded by a nickel anode so that
each tube had two filaments and two anodes.
Prior to its being connected to the vacuum system des-
cribed above, the discharge tube was connected to a portable
vacuum system and degassed. The degassing process con-
sisted of baking the tube for several hours using heating tapes;
running a current of six amperes through each filam.ent; heating
the cylindrical anodes with an induction heater. This process
was repeated when the discharge tube was first placed on the
permanent vacuum system and whenever the discharge indicated
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that degassing was required. Following the degassing, the tube
was filled with argon and operated. If the striations were noisy
or the discharge looked whitish, the tube was pumped out and
refilled. This process of filling and operating was repeated
until a pure discharge was obtained.
The source of argon gas was a one-liter pyrex flask of
Linde high-purity argon. The gas pressure was measured by
a manometer containing silicone DC 704 pump fluid (1cm oil =
0.782 Torr).
When the discharge tube was filled with argon, it was
then isolated from the vacuum system by an Alpert ultra-high
vacuum, valve (type VAU-25).
3 . Power Supplies
The direct current argon discharge was maintained by the
following equipment:
(a) The discharge tube voltage was supplied by a Kepco
Labs. Model 770B power supply (0-600v DC). The
tube current was measured by an ammeter incorpor-
ated into the power supply (0-3a).
(b) The auxiliary voltage at the anode end of the dis-
charge tube was supplied by a Kepco Labs. Model
520R-B power supply (0-600v, 0-300ma DC).
(c) The cathode was heated by a Kepco Labs, Model
KM 236-15A power supply (0-50v, 0-15a DC).
4. Polarization Analyzer and Measuring Instruments
A schem.atic of the physical arrangement is shown in Figs.
7 & 8 . The light entered a collimator 9 . 7 cm long , with outer
slit 0.794 mm wide and inner slit 0.352 m.m wide. This provided
a field of view less than two m.m wide in the discharge tube.
While the two photomultiplier outputs were being balanced, a
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slotted-disk mechanical chopper was placed in front of the
collimator.
Behind the collimator was a WoUaston prism, in a
rotatable holder, which could be rotated by a knob external to
the light tight box.
Next in the optical circuit was an interference filter
(8105 ± 85 A). This filter also served to prevent convection
currents from the cold portion of the light tight box.
The two light beams, after passing through the filter, were
reflected from an aluminum-coated 90-degree prism, which re-
flected the two beams to two facing p-m tubes.
The two RCA 7102 photomultiplier tubes were held in
Quanta photomultiplier packages. Model 4002. A slotted shield
was placed between the 90 degree prism and each p-m tube.
The high voltage supply of each tube was provided by a Harrison
6515A Power Supply (0-1600 v, 0-5 ma). The voltage applied to
the p-m tubes was between 75 and 1000 v.
The signal outputs of the photomultipliers were sent to a
Tektronix type 547 dual-trace oscilloscope with a type lAl
dual-trace DC preamplifier having a maximum sensitivity of
0.005 v/cm and a capability of displaying the difference be-
tween two signals
.
The optical system and photomultipliers were contained in
an alum.inum light tight box with removable lid. The box, ex-
cept for the portion of the lid above the p-m tubes, was in-
sulated by fiberglass. A fiberglass and cardboard partition
separated the p-m tubes from the collimator, Wollaston prism
and interference filter, except for an opening large enough to
permit passage of the light beams. The filter was placed
against this opening to prevent convection.
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A small metal container was placed on top of the lid, above
the p-m tubes . It contained liquid air for cooling the phototube
cathodes. A heating tape was placed around the external portion
of the collimator. The collimator served as a heat conductor to
keep the Wollaston prism near room temperature.
At times, when the behavior of the striations was ques-tion-
able, they were visually observed with a rotating mirror, in




1 . Use of Sorption Pump
It would be desirable to have a vacuum system that would
prevent impurities from accumulating in the discharge tube and
thus permit longer periods of operation without changing the gas.
Toward this end, an attempt was made to find some operating
temperature at which an Ultek. Model 50-121 sorption pump would
pump impurities without pumping argon. This was considered a
possibility since some sorption pumps have been specifically
designed to pump inert gases as well as others, whereas no
such performance was specified for this pump. Although trials
at several temperatures revealed that this pump would not
discriminate against argon, and thus could not be used to re-
move impurities, it did prove to be very efficient for argon,
pumping the discharge tube and vacuum system from 20 microns
down to four microns in four minutes.
2 . Reflection of Polarized Light
Part of the procedure of checking the sensitivity of the
light analysis apparatus consisted of rotating the Wollaston
prism, thus letting the two p-m tubes exchange com.ponents of
polarization. This process revealed that the perpendicular com-
ponent always reflected from the 90 degree aluminum coated
prism better than the parallel component. Intensity measure-
ments indicated that the reflecting power of the perpendicular
component was 1 .2 times that of the parallel component.
22
p-m at room temperature p-ra cooled
Noise level of difference signal, with no incident light. High
voltage: Tube A 750 v. Tube B 800 v. Oscilloscope scale; 5 rav/cm
and 0,5 raillisec/cm. (one cm squares)





(a) Signal A 10 inv/cm; 0.1 :iillisec/cm.
{t) Signal A 10 mv/cm; 0.2 rriillisec/cm.
(c) Signal A 10 rriv/cn; 0.5 inillisec/cm.





(a) Signal A inverted (zero intensity at top) and signal B
upright (zero intensity at bottom). Sharper horizontal
traces indicate zero intensity.
(b) Difference signal with sensitivity balanced.
(c) Difference signal with light beam 3.1 per cent i)olarized
by a glass plate inserted at 30 degrees, after balancing
sensitivity.
All pictures taken with argon pressure 8.5 Torr;
Discharge current 0.9a (only high frequency striations);
Mechanical chopper inserted; Oscilloscope scales: 5 rav/cm
and 0.5 millisec/cm.




(a) Difference signal obtained with striations present. Discharge
current 0.21a; Pressure 4.1 Torr.
(b) Difference signal obtained with all conditions as in (a)
except beam polarized 3.1 per cent by glass plate. Signal
B also displayed for reference.
(c) Difference signal obtained with striations present. Discharge
current 0.32a; Pressure 7.35 Torr.
(d) Difference signal obtained with all conditions as in (c)
except beam polarized 3.1 per cent by glass plate. Signal
B also present for reference.
Oscilloscope scales: 5 mv/cra; 0.5 millisec/cm.





(a) Difference signal obtained with strlatlons present and beam
polarized 3.1 per cent by glass plate. Discharge current
0.22a; Pressure h,k Torr; Signals A and B superlnrposed.
(b) Difference signal obtained with all conditions as in (a)
except glass plate polarizer removed.
(c) Difference signal obtained with strlatlons present and beam
polarized 3.1 per cent by glass plate. Discharge current
0.l8a; Pressure 13.1 Torr. Signals A and B superimposed.
(d) Difference signal obtained with all conditions as in (c)
except glass plate polarizer removed.
Oscilloscope scales: 5 rav/cm; 0.5 milllsec/cm.
Fig. 5 Difference signal obtained from strlatlons without
filter
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2. INTERFERENCE FILTER (8105 ± 86 A)
3. FIBERGLASS INSULATION
4. 90 DEGREE ALUMINUM-COATED PRISM
5. REFLECTION SHIELDS
6. PHOTO TUBES (RCA 7102)
7. ALUMINUM LIGHT TIGHT BOX
Fig. 7 Schematic Diagram of Pow«r Supplies, Polarization
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